Objective: The DeBakey classification was used to discriminate the extent of acute aortic dissection (AD) and was correlated to long-term outcome and re-intervention rate. A slight modification of type II subgroup definition was applied by incorporating the aortic arch, when full resectability of the dissection process was given. Methods: Between January 2001 and March 2010, 118 patients (64% male, mean age 59 years) underwent surgery for acute AD. As many as 74 were operated on for type I and 44 for type II AD. Complete resection of all entry sites was performed, including antegrade stent grafting for proximal descending lesions. Results: Patients were comparable with respect to demographics and preoperative hemodynamic status. They underwent isolated ascending replacement, hemiarch, or total arch replacement in 7%, 26%, and 67% in type I, versus 27%, 37%, and 36% in type II, respectively. Additional descending stent grafting was performed in 33/74 (45%) type I patients. In-hospital mortality was 14%, 16% (12/74) in type I versus 9% (4/44, type II), p = 0.405. After 5 years, the estimated survival rate was 63% in type I versus 80% in type II, p = 0.135. In type II, no distal aortic re-intervention was required. In type I, the freedom of distal re-interventions was 82% in patients with additional stent grafting versus 53% in patients without, p = 0.022. Conclusions: The slightly modified DeBakey classification exactly reflects late outcome and aortic re-intervention probability. Thus, in type II patients, the aorta seems to be healed without any probability of later re-operation or re-intervention. #
Introduction
Acute aortic dissection (AD) with a tear within the proximal aorta is a highly emergent situation requiring immediate surgery to restore perfusion and to prevent rupture. The disease is associated with a high in-hospital mortality (15-30%) and a poor long-term prognosis, with nearly 50% survivors after 10 years [1] [2] [3] . Due to a persisting false lumen in many of those patients, a substantial number of secondary complications, such as excessive growth of the descending and/or thoraco-abdominal aorta with or without rupture or new malperfusion syndromes, necessitate reoperation with an incidence between 15% and 25% after 10 years and with its concomitant secondary mortality [4] [5] [6] [7] .
Due to the vast preponderance of the Stanford classification in most publications over the past decades, usually no differentiation between the primary extent of the dissection process is made, thus integrating DeBakey type II patients with their non-affected descending thoracic aorta into the bigger cohort of type I patients, which potentially does not reflect the real dimension of jeopardy for the extension of the AD and its impact on outcome, when considering patients classified as Stanford type A patients [8] [9] [10] [11] .
A clarification of the AD's characteristics is also important considering the advent of modified primary surgical strategies involving the descending aorta, such as the frozen elephant trunk technique and the thoracic endovascular aneurysm repair (TEVAR) technology addressing the possibility to treat descending aortic problems either simultaneously with the ascending/arch pathology, or the staged endovascular treatment using transfemoraly introduced endografts [12] [13] [14] . However, both classifications (Stanford and DeBakey) lack the precise definition of a patient cohort as candidate for extended aortic repair using hybrid techniques.
Based on the suggestion that complete resection of a dissected aorta could be curative, a slightly modified DeBakey classification was used to evaluate the patient outcome according to the extent of the dissection, the behavior of the descending aorta in midterm follow-up and finally to define patients as candidates for a hybrid extended treatment beyond the arch.
Methods

Classification of AD
The original DeBakey classification defined type II dissection as limited to the ascending aorta, which could be completely treated by resection and aortic replacement [15] . Taking into consideration the improvements in imaging and surgical treatment options over time, we slightly modified this classification. A dissection process throughout the aortic arch, which stopped at the left subclavian artery with freedom from a false lumen in the descending aorta, was classified as type II (Fig. 1) . The site of the entry tear had to be within the ascending aorta and/or arch. A dissection extending into the descending aorta was defined as type I.
Patients
From January 2001 to March 2010, 129 patients were admitted to our department due to an acute type A AD. Seven patients died preoperatively during the transport by aortic rupture (n = 6) or myocardial infarction (n = 1) and four patients died prior to surgery due to severe visceral (n = 3) or cerebral ischemia (n = 1). A total of 118 patients underwent surgical treatment and were included in the study. The time delay (mean AE SD) between diagnosis of the dissection and surgery was 5 AE 6 h, and, in 102 (86%) patients, the operation was performed within 24 h after onset of symptoms. The diagnosis was established by computed tomography (CT) in 95 (81%) and/or angiography in 79 (67%) cases. Transesophageal echocardiography (TEE) was performed in all cases. The mean age of the patients was 59 AE 13 years and 76 (64%) were male. The majority of the patients (82/118, 69%) was treated medically for hypertension. Marfan syndrome was documented in eight (7%) patients, 14 (12%) had a prior ascending aorta aneurysm, and four (3%) a bicuspid aortic valve.
As many as 74 (63%) patients were classified as type I and 44 (37%) as type II. In type I, the false lumen ended within the descending aorta in 6/74 (8%), and extended along the abdominal aorta in 68/74 (92%). In type II, the false lumen was limited to the ascending aorta in 8/44 (18%) and the arch was involved in 36/44 (82%).
Surgical management
Since March 2004, patients with AD were routinely admitted to our hybrid operating room for immediate TEE, angiographic diagnostics, and, if required, endovascular intervention and/or surgery. True lumen collapse in the abdominal aorta and distally combined with malperfusion was treated first by endovascular procedures. All patients were operated via median sternotomy. The distal anastomosis was performed with open technique under hypothermic circulatory arrest (25 8C) and bilateral selective antegrade cerebral perfusion (18 8C). In type II dissection, the extent of aortic replacement was related to the end of the dissection. In type I, our operative strategy has been changed during the study period from classic proximal repair toward a radical approach, including total arch replacement combined with antegrade stent grafting of the descending aorta [14] . After our first experience (n = 4) with antegrade stent grafting of the descending aorta in acute AD using a modified version of the Talent abdominal stent graft (Medtronic Inc., Minneapolis, MN, USA), a novel hybrid stent graft was developed und used (n = 29) since January 2005 (E-vita open, Jotec GmbH, Hechingen, Germany) [16] . Simultaneous stent grafting was performed to exclude reentries distal to the left subclavian artery and in cases of circumferential dissection and true lumen collapse. The insertion of the stent graft was performed in over-the-wire technique, and the placement and deployment were controlled by angioscopy [17] . Otherwise, isolated proximal aortic repair with or without arch replacement was performed.
Evaluation of the behavior of aortic disease
The perfusion and extension of the false lumen was verified intra-operatively after protamine administration by TEE and postoperatively by CT or angiography performed within the first 10 days. A follow-up protocol was applied for the evaluation of AD, including physical examination and aortic imaging of the entire aorta after 3, 6, and 12 months, and annually thereafter. Full aortic diameter in the descending aorta was measured at the segment with the most pronounced dilatation over time. Results at the latest follow-up measurement were correlated to the first postoperative examination, determining aortic growth. 
Data analysis
An institutional database for aortic disease was used for prospective data collection and retrospective data analysis. The statistical analysis was performed by the Statistical Package for Social Sciences (SPSS) 16.0 package (SPSS, Chicago, IL, USA). For categorical variables and for continuous variables, the Fisher's two-sided exact test and the unpaired t-test were used, respectively. Univariate logistic regression analysis was performed to identify risk factors ( p < 0.05) for in-hospital mortality. The behavior of the aortic diameter between the first postoperative and last follow-up CT examination was evaluated using the paired ttest. Survival and freedom from re-operations were analyzed with the Kaplan-Meier actuarial method and compared with the log-rank test.
Results
Clinical status preoperatively
No differences were documented between the demographic parameters, but there were more male patients ( p = 0.047) and the incidence of acute renal failure ( p = 0.038) was increased in group type I ( Table 1 ). The incidence of severely compromised hemodynamics was similar between the groups with comparable rates of cardiopulmonary resuscitation and required adrenergic medication ( p > 0.05). In addition, no significant difference was observed in the incidence of tamponade and moderate or severe aortic valve insufficiency. The rate of malperfusion symptoms was increased in type I AD (52/74, 70%) versus type II (10/44, 23%), p < 0.001, particularly the incidence of visceral ( p = 0.025) and peripheral malperfusion ( p = 0.001). Fifteen (20%) type I patients and no type II patients underwent endovascular interventions due to malperfusion in abdominal aorta, visceral branches, and iliac arteries intra-operatively ( p = 0.001).
Intra-operative results
The time of cardiopulmonary bypass, cardioplegic arrest, selective cerebral perfusion, and hypothermic circulatory arrest was significantly longer in type I versus type II (Table 2) . Ascending aorta and total arch replacement was performed in 50/74 (67%) type I versus 16/44 type II (36%) patients, p < 0.001, and isolated ascending aorta replacement in 5/74 (7%) type I versus 12/44 (27%) type II patients, p = 0.005. In addition, antegrade stent grafting of the descending aorta was combined with total arch replacement in 33/74 (45%) type I cases. Additional surgical procedures, such as aortic valve repair, Bentall procedures, and coronary artery bypass grafting, were similarly distributed between the groups.
Postoperative results
Intensive care unit (ICU) stay was longer in type I (13 AE 16 days) patients versus type II (6 AE 7 days), p = 0.005, as well as hospital stay (type I 23 AE 21 vs type II 16 AE 10 days), p = 0.029. Significantly, more type I patients required a prolonged intubation time, tracheostomy and temporary dialysis ( Table  3 ). The overall in-hospital mortality was 14% (16/118) and 16% (12/74) in group type I versus 9% (4/44) in type II, p = 0.405. In type I, 10/12 patients died due to malperfusion sequelae and none in type II. Univariate analysis revealed risk factors for mortality: cardiopulmonary resuscitation, tamponade, adrenergic medication, acute renal failure, intubation prior to admission, coronary and visceral malperfusion, low-output syndrome, dialysis, and permanent stroke ( Table 4) .
The overall 5-year actuarial survival rate was 63% in type I and 80% in type II, p = 0.135 (Fig. 2) . Four (4/62, 6%) aortarelated deaths were observed in type I and none in type II, p = 0.15. The cause of aorta-related deaths was aortoesophageal fistula after antegrade stent grafting and endovascular re-intervention (n = 1), aortotracheal fistula after isolated proximal aortic repair (n = 1), visceral ischemia due to malperfusion (n = 1), and cardiac failure after reoperation for arch aneurysm (n = 1). 
Aortic behavior in modified type II patients
In type II, no indication for surgical or endovascular reintervention distal to aortic repair was observed. During the follow-up (median 24 months), no false lumen was documented. Compared to the first postoperative CT examination, the diameter of the descending aorta increased during the follow-up (30.9 AE 5.8 vs 32.3 AE 6.1 mm, p < 0.001), but no dilatation >1.0 cm was observed (Fig. 3(A) ).
Aortic behavior in type I patients
At first postoperative CT examination, complete thrombosis along the descending aorta was observed in 82% (27/33) patients with antegrade stent grafting into the descending aorta versus 10% (4/41) patients without, p < 0.001. At last CT (follow-up period median 33 months), the descending aorta diameter slightly regressed after antegrade stent grafting (from 35.9 AE 6.6 to 34.7 AE 7.1 mm, p = 0.271) and growth was observed in patients after isolated proximal repair (36.1 AE 7.2 to 40.9 AE 11.5 mm, p = 0.001). Dilatation over 1 cm was observed in five patients after isolated proximal repair and in none after combined antegrade stent grafting (Fig. 3(B) and (C) ).
Nine (9/41, 22%) patients after isolated proximal repair and three (3/33, 9%) after combined antegrade stent grafting underwent 15 surgical or endovascular aortic re-interventions along the downstream aorta. Secondary surgery was performed for false lumen enlargement in the aortic arch in four and in the abdominal aorta in one patient. Secondary endovascular repair was performed in descending aorta and/ or in abdominal aorta due to false lumen progression in six and true lumen collapse associated with malperfusion in four patients. Only one patient operated on with the E-vita open principle underwent a secondary surgery distal to the stent graft due to false lumen enlargement. After 5 years, the estimated freedom of secondary intervention in the downstream aorta was 82% in patients with combined antegrade stent grafting versus 53% after isolated proximal aortic repair, p = 0.022 (Fig. 4) .
Discussion
In 1965, DeBakey et al. classified AD in types I, II and III (a and b) based on the observed extent of the dissection [15] . In 1970, Daily et al. reported the alternative Stanford classification (type A and B) based on the therapeutic management decision and the acute prognosis suggesting immediate surgical treatment for acute type A AD [18] , when the ascending aorta is involved. Thus, no differentiation between a dissection process limited to the proximal thoracic aorta and the whole thoracic aorta is made as in the DeBakey classification. Although the two classifications are complementary, the Stanford classification, over the years, has become the standard in the world literature reporting and evaluating the outcome of various operative strategies. Thereby, the mixing of DeBakey types I and II under the headline of type A AD fails to reflect the estimated positive influence of a not-affected descending aorta without false lumen (DeBakey type II) in immediate and long-term followup with regard to mortality, aortic complications and the need of secondary interventions. Regarding the type II AD, DeBakey et al. suggested that it can be completely treated by median sternotomy and aortic replacement [15] . However, nowadays, arch replacement can be performed safely giving an option for curative treatment in cases with a dissection beyond the brachiocephalic trunk. Using the reported slight modification of the original DeBakey classification, a clear estimation of curative treatment is possible by differentiation between dissections with a completely resectable false lumen (type II) and those not (type I). Thus, the number of our type II AD patients increased from eight (7%, classic DeBakey II site restricted to the ascending aorta) to 44 (37%). The fact of one or multiple entry sites and their localization within the ascending aorta and/or arch was neglected. The postoperative absence of a residual false lumen in all type II cases as well as the absence of aortic dilatation beyond 1 cm in the descending aorta during the follow-up confirms that complete healing of the dissection is possible. This result substantiates the well-known fact that aggressive resection of the dissected aorta including the arch improves outcome [19] without any indication for re-intervention in the distal aorta in our modified type II patients' cohort during the study period. In DeBakey type I AD, a radical strategy via median sternotomy is limited to the very proximal descending aorta, leaving the dissection distally untouched. Simultaneous antegrade stent grafting of the descending aorta addresses this limitation by splinting the true lumen and promoting thrombosing of the false lumen. In our study, combination of antegrade stent grafting with arch replacement resulted in an initial thrombosis rate of 82% of the false lumen in the stented aortic part, which increased during follow-up to 92%. The exclusion of the false lumen led to stabilization of the aortic diameter over the study period and to 82% freedom of surgical or endovascular re-intervention in the descending and abdominal aorta. On the contrary, in patients after isolated proximal repair the patency of the false lumen was 90%, which resulted to significant ongoing dilatation of the descending aorta. Regarding the DeBakey type I patients after isolated proximal repair, Park et al. [10] reported dilatation of the descending aorta by 1 cm in 47.5% during a mean follow-up of 33.6 months. We suggest that the low incidence (7%) of 1-cm dilatation in this subpopulation of our study was the result of a Fig. 3 . Evolution of the aortic diameter in the descending aorta after proximal repair in type II aortic dissection (A), after isolated proximal repair in type I aortic dissection (B) and after proximal repair combined with frozen elephant trunk in type I aortic dissection (C). more aggressive treatment of the arch. However, the freedom of distal re-operation was significantly less (53%) compared with the patients with simultaneous treatment of the descending aorta by a stent graft. Therefore, we believe that hybrid techniques, such as the frozen elephant trunk, are beneficial regarding the fate of the arch and the downstream aorta in modified DeBakey type I patients. The argument that the frozen elephant trunk approach is too aggressive in changing a big operation into an even bigger one was corrected in demonstrating statistical similar in-hospital mortality data compared with the proximal repair only cases [14, 20] . Based on the presented findings, follow-up literature reporting Stanford type A patients probably underestimates the risk of later downstream problems, not taking into account that roughly 30% of such populations probably have had a so-called modified DeBakey type II dissection. Thus, the published data of 10-25% probability of downstream re-operation within 10 years might be underestimated, giving another strong argument to primarily try to induce false-lumen thrombosis, potentially avoiding descending thoracic aorta expansion over time. In addition, contemporary TEVAR devices can be implanted with low procedural morbidity and mortality and a high success rate due to a perfect landing zone within the distal stent graft, when indicated [21] .
In-hospital mortality correlated to the clinical status at presentation, which can be severely impaired in both dissection types. However, DeBakey type I patients required a prolonged intensive treatment associated with more adverse events. Actuarial survival after 5 years was better for type II patients (80% vs 63% for type I), but did not reach statistical significance. Augoustides et al. from Penn State University also suggest a modification of the dissection classification to better define the clinical status at presentation [22] . This classification defines patients according to the ischemic and circulatory complications aiming at a patient selection for an additional endovascular management. The incidence of preoperative malperfusion is increased in DeBakey type I AD with its three distal possible malperfusion sites as demonstrated, which resulted in 20% preoperative distal endovascular interventions in our patient population. Thus, a differentiated definition of these complicated patients by adjusting the historic classifications is suggested.
Although the impact of the reported results is limited due to small numbers, the fact that none of our modified type II patients developed distal aortic problems during an up to 5 years follow-up time, we believe that the slight modification of the time-honored DeBakey classification of AD exactly reflects late outcome and re-intervention probability after surgical repair. The historic dimension and extraordinary importance of the Stanford classification with regard to the clinical decision process of immediate indication for emergency surgery in acute type A dissection remain untouched.
Appendix A. Conference discussion Dr K. Kallenbach (Heidelberg, Germany): The manuscript carries two major messages. First, the modified DeBakey classification as you have presented here reflects late outcome and need for re-intervention on the downstream aorta better than the Stanford classification in acute aortic dissection. I agree completely.
Second, initial treatment of the descending pathologies in type I dissection with classic or frozen elephant trunk (55% in your study), reduces the reintervention rate on the downstream aorta from 22%, for those treated only by proximal aortic repair, down to 9%, with a p value of 0.08. It can be speculated that this number will become statistically significant with a higher caseload.
These findings have implications for surgery. More radical treatment of descending pathologies by frozen elephant trunk in type I dissections may be indicated. This recommendation is supported by others in the literature. For example, the work of Dr Sun from Beijing reported a 30-day mortality of 3.7% and complete thrombus formation of 95% around the stent during 35-month follow-up with the same strategy but with a different stent-graft.
My questions for you are: Aortic dissection is a pleiomorphic disease. A systematic approach requires adequate classification. The purpose of classification is to organize patients into groups or categories according to one or more discriminating criteria. The resulting groups should be mutually exclusive (nonoverlapping) and collectively exhaustive (contain all patients). Furthermore, the groups should be clinically informative in order to assist medical decision making. Numerous classification systems have been proposed over the years, but no consensus has emerged regarding which classification system should be used [1] .
Among the existing classification systems, the Stanford [2] and the DeBakey [3] systems are the most commonly used. They were devised at a time when sophisticated aortic imaging was not available and surgical options were limited. Their main objective was to categorize patients into treatment groups (surgery vs medical treatment) rather than provide an exhaustive description of all possible types of aortic dissections.
The original Stanford classification system is based solely on the extent of the false channel irrespective of the location of the primary intimal tear [2] . Thus, it distinguishes aortic dissections which involve the ascending aorta (type A) from those which are limited to the descending aorta, below the left subclavian artery (type B). As such, the original Stanford classification does not consider aortic dissections involving the arch without affecting the ascending aorta. This subtype has been designated as non-A non-B dissections by some [4] or, for the sake of simplicity, has been considered as B types by others [1] .
The DeBakey system classifies aortic dissection in terms of both the extent of the false channel and the site of the primary intimal tear. DeBakey I is used to describe aortic dissections where the primary intimal tear is in the ascending aorta and the false lumen extends distally to the left subclavian artery. DeBakey type II refers to dissections with a primary intimal tear in the ascending aorta but with a false lumen limited to the ascending aorta. DeBakey type III refers to an intimal tear below the left subclavian artery with the false lumen involving the descending thoracic or thoraco-abdominal aorta. However, by linking the site of primary intimal tear with the extent of the false channel, this classification system does not describe the whole spectrum of aortic dissections. Indeed, aortic dissections with retrograde propagation of the false channel to the arch or the ascending aorta are not addressed by the original DeBakey classification and have led some authors to propose additional subtypes.
The main difference between the Stanford and DeBakey classification systems appears to be the distinction made between type I and type II in the latter. Since both types led to similar surgical treatment, one might wonder about the utility of this distinction. It might however be justified from a prognostic point of view. Indeed, surgical resection of the ascending aorta can be considered as curative in type II patients, while it remains only palliative in type I patients. The latter are thus exposed to the development of longterm complications on the distal aorta such as aneurysm formation and/or rupture, leading to inferior long-term
